Objectives. This study was performed to establish the prognosis of patients with unstable angina within the subgroups of the Braunwald classification.
To recognize groups of patients with different levels of risk, a classification of unstable angina was described by Braunwald (14) . However, the precise risk of subgroups according to this classification has not been established. In fact, few data are available on the prognosis of a wide spectrum of patients with "unstable angina" because most reports address specific selected subgroups (8, 12, (15) (16) (17) (18) , which makes comparison between studies difficult.
To establish the incidence and prognosis of the various subgroups of unstable angina as defined in the Braunwald classification, we analyzed 417 consecutive patients who were admitted for chest pain of suspected ischemic origin, without signs of acute infarction or other diseases at the time of admission. The diagnostic and therapeutic procedures used in various subgroups were recorded as well as the incidence of events both in hospital and during 6 months of follow-up, including development of myocardial infarction, mortality and the need for revascularization procedures.
Methods
Patient selection and definitions. A prospective registry was maintained in two hospitals in Rotterdam, The Nether- May 1995 May :1286 PROGNOSIS OF UNSTABLE ANGINA SUBGROUPS lands, during a 7-month period in 1988 and 1989. All patients primarily admitted for suspected unstable angina, according to the attending physician, were included in the registry. The initial diagnosis, suspected unstable angina, was made immediately on admission on the basis of a history of chest pain at rest or at minimal exertion, probably of ischemic origin, without electrocardiographic (ECG) signs of acute infarction or signs of other causes of chest pain, such as dissecting aneurysm or arrhythmia. ST-T wave changes were not required for inclusion. Secondary referrals from other hospitals for further treatment were excluded.
A final diagnosis was established using subsequent information acquired during admission, including the occurrence or absence of new episodes of chest pain, ECG changes or elevated serum enzyme levels. The major diagnostic groups were acute myocardial infarction, definite unstable angina and extracoronary or nonspecific disease (other) (1, 19 Patients who developed recurrent anginal pain ->24 h after myocardial infarction were classified as having postinfarction angina. All patients were classified at admission, and for patients with definite unstable angina, a final classification was applied at the time when the decision for definite therapy was made (coronary intervention or continuation on medical therapy), according to the clinical aspects as defined by Braunwald for classification of unstable angina (14) :
Severity. New onset of severe or accelerated angina without pain at rest (class I =-accelerated angina) angina at rest but not within the preceeding 48 h (class H = subacute angina at rest) or angina at rest within 48 h (class Ill = acute angina at rest).
Clinical circumstances. Unstable angina secondary to an extracardiac condition (class A = secondary unstable angina), angina developed in the absence of extracardiac condition (class B = primary unstable angina) or developed shortly after acute myocardial infarction (class C = postinfarction unstable angina). Patients with class A unstable angina were excluded at admission.
Electrocardiographic changes. Electrocardiographic changes
were scored as present or absent.
Medical treatment intensity. None or one of the major antianginal drugs, nitrates, beta-adrenergic and calcium channel blocking agents (minimal therapy); more than one of these drugs (extensive oral therapy); or use of antianginal therapy, including intravenous nitrates (maximal therapy).
Data collection. The data were prospectively collected with particular attention to various decision moments during a patient's hospital stay. Demographic data, history and characteristics of presentation were recorded at admission. A log was kept of new pain episodes, new infarctions or death and of diagnostic and therapeutic measures, such as ECGs, exercise tests, medication and interventions. The ECGs were coded with respect to the presence or absence of Q waves, signs of left ventricular hypertrophy or intraventricular conduction disturbances (20) . The ST segment was scored as ST elevation or depression _>0.1 mV or T wave inversion, or both. The ECG changes were defined as additional ST elevation/depression ->0.1 mV or T wave deviation _>0.1 mV versus that on the baseline ECG, without pain.
Follow-up data. Follow-up data after discharge were acquired by review of the clinical records or through a simple questionnaire sent to the general practitioner. Follow-up data could be obtained for 407 patients (97%). The occurrence of new pain episodes, myocardial infarction, death or any coronary intervention (coronary angioplasty or bypass) was recorded until 6 months after admission. Combined end points are presented in terms of "survival without myocardial infarction" and "survival without infarction or revascularization."
Statistical analysis. Patient groups were compared with a Student t test for continuous variables and a chi-square test for discrete variables. The probability of survival, survival without infarction and survival without infarction or revascularization was estimated using the Kaplan-Meier method. Differences between curves were analyzed with log-rank tests. A stepwise proportional hazards model was used to select predictors of (event-free) survival, specifically to relate the various Braunwald classes to prognosis. The following variables were considered: age, gender, history of myocardial infarction, hypertension, Braunwald classes I to III (severity) and B and C (clinical circumstances), ECG changes and intensity of medical treatment. Two-level variables were coded as indicator variables, assuming 1 if the property at issue was present and 0 otherwise. Three-level variables were coded with two separate indicator variables.
Results
Baseline characteristics. A total of 417 patients were admitted for observation for suspected unstable angina. This initial diagnosis was supported by an abnormal repolarization pattern on admission or by dynamic ECG changes during or shortly after pain in 214 patients. In 203 patients the diagnosis of suspected unstable angina was based on history alone. Demographics, historic data and the classification of unstable angina at admission are presented in Table 1 . There was no difference in age between patients with a final diagnosis of unstable angina, myocardial infarction or chest pain of other causes. Patients with unstable angina more often had a history of documented coronary artery disease. Acute angina at rest (class III) was present in the majority of patients (n = 309) (74%). In contrast, only four patients were admitted without pain in the last 48 b before admission (class II). Patients with a final diagnosis of chest pain of other causes bad fewer ECG changes and less intensive medical treatment before admission.
Among the 109 other patients (26%) with a final diagnosis of chest pain of other causes, in 25 patients an extracoronary (33) 13 (12)* *p < 0.05 for comparison among the three patient groups. Data presented are mean _+ SD or number (%) of patients. AMI -acute myocardial infarction; CABG = coronary artery bypass grafting; Class A = secondary unstable angina; Class B = primary unstable angina; Class C = postinfarction angina; Class I = accelerated angina; Class II = subacute angina at rest; Class III= acute angina at rest; ECG = electrocardiographic; Extensive oral = more than one antianginal drug (see Methods for details); Family history of CAD = cardiac death by infarction at >60 years old in first-or second-degree relative [CAD = coronary artery disease]; Hypercholesterolemia = serum cholesterol >6.5 mmol,qiter or current treatment; Hypertension -blood pressure >160/90 mm Hg or current treatment; Minimal = none or one of the major antianginal drugs, nitrates, beta-blockers and calcium channel blockers; PTCA = pereutaneous transluminal coronary angioplasty; UAP = unstable angina pectoris. cause was found: gallbladder and liver disease (in 2), gastrointestinal problems (in 4), musculoskeletal pain (in 2), hypertension (in 4), heart failure (in 6), valvular disease (in 2), arrhythmias (in 3), cardiomyopathy (in 1) and pericarditis (in 1).
Clinical course during hospital stay. Patients with "definite" unstable angina. In 282 patients (68%), 210 of whom (74%) showed new ECG changes, a definite diagnosis of unstable angina was made between admission and the decision between coronary intervention and continuation of medical therapy. In-hospital medical treatment was started with intravenous nitrates in 164 patients (58%), with extensive oral therapy (more than one antianginal drug) in 73 patients (26%) and minimal therapy (none or one antianginal drug) in 45 patients (16%). The initial and final classifications of these patients are presented in Table 2 . Although a few patients in class IB at admission progressed to class IIIB during the hospital period, half of the patients (n = 88) with acute unstable angina at admission (classes IIIB and IIIC) stabilized and became "subacute" unstable angina (classes IIB and IIC).
Half of the patients (n = 137) had recurrent pain during in-hospital observation, usually (80%) within 48 h after admission. Recurrent ischemia after admission was more frequent in patients with acute angina at rest (class III) compared with those in class I or II (p = 0.0001) (Fig. 1) . There was no significant difference in recurrent ischemia between patients with primary (class B) and postinfarction angina (class C). In fact, the strongest predictor of recurrent ischemia was the time interval since the previous episode. The probability of development of recurrent chest pain rapidly decreased during the first days after a previous episode (Fig. 2) . After a pain-free period of 48 h, the probability of developing new chest pain decreased to <20% and to <10% after 3 days. It was striking that the decline of probability of developing recurrent pain was similar after the first and subsequent episodes.
The frequencies of events and interventions are summarized in Table 3 . Progression to infarction or death during the in-hospital period was most frequently observed in patients with acute angina at rest (class III) and with postinfarction angina (class C). In-hospital decisions for coronary angiogra- Data presented are number (%) of patients. Classification of severity (classes 1 to lIl) and clinical circumstances (classes B and C) at admission and at the time that the decision for final treatment is made (Postobservation). Definitions of classification categories as in Table I. phy and angioplasty or bypass were made most frequently in patients with recurrent chest pain at rest (class III) and only in 10% to 15% of patients with class II angina. Patients with accelerated angina (class I) were scheduled for interventions twice as often as class II patients. The frequency of in-hospital decisions for interventions was significantly higher for postinfarction angina (class C).
Six-month follow-up. Survival, survival without infarction, and infarct-free survival without intervention are shown as Kaplan-Meier curves for the 6-month follow-up period for the different subgroups of severity and clinical circumstances (Fig.  3) . Survival and infarct-free survival were both higher in patients with primary unstable angina (class B) compared with that in postinfarction patients (class C, p = 0.01 and p = 0.1, respectively). These end points were not significantly different for the three severity subgroups. For both Braunwald classes 1 to III and B and C, there was a distinct difference when the outcome of infarct-free survival without intervention was considered (p = 0.0001 and p = 0.01, respectively).
For all three outcomes, the adjusted risk ratio for the different classes was estimated, using proportional hazards multivariate analysis (Table 4) . For both mortality and infarction, the risk difference between classes B and C was confirmed after correction for other covariates. Elderly age, male gender, hypertension, postinfarct angina (class C) and maximal antianginal therapy were independent predictors of mortality. Survival without infarction was impaired for elderly patients and patients with postinfarct angina (class C). All four categories described in the Braunwald classification were indicators for a higher risk of mortality, infarction or revascularization: acute angina at rest (class III), postinfarction angina (class C), presence of ECG changes and use of maximal antianginal therapy (two or more antianginal drugs) in addition to the risk factor of male gender.
Eight of 109 patients with a final diagnosis of chest pain of other causes developed myocardial infarction (two), died (four) or underwent coronary angioplasty (one) or bypass surgery (two) within 6 months after admission. Four of these eight patients were discharged with atypical chest pain, and four had a history of heart failure (two), arrhythmia (one) or myocardial infarction (one).
Discussion
The classification of unstable angina as defined by Braunwald (14) was applied to a group of 417 patients admitted for chest pain suspected of being unstable angina pectoris. The selection of patients immediately at admission ensured that the whole spectrum of unstable angina was included in this registry. This is in contrast with most other studies on unstable angina, where only selected patients were included, restricted by age (12, 21) , absence of recent myocardial infarction or bypass surgery (7, 9, 12, 22) , duration of pain episodes (9, 22, 23) or by presence of ischemic signs on the ECG (7, 23, 24) . In most studies, patients were selected 24 to 48 h after admission, when myocardial infarction had been ruled out by serial enzyme analysis, which also excludes most patients with a final diagnosis of chest pain of other causes. In contrast, the only exclusion criterion in the present study was evidence of other disease assumed to be causing the chest pain, such as aneurysm dissecans, and referral from other hospitals for further treatment of patients in whom a complete diagnostic workup had already been performed.
For practical reasons, the tentative diagnosis of unstable angina should be made at the time of hospital admission. A patient with chest pain severe enough to warrant hospital admission will be classified at admission as having suspected unstable angina when symptoms and signs are such that transient myocardial ischemia is believed to be the underlying cause. The patient will be monitored to detect possible lifethreatening arrhythmias from recurrent ischemia or evolving myocardial infarction. Often treatment will be started with beta-blockers, nitrates, aspirin or heparin. Subsequent information acquired during admission, such as the occurrence or absence of new episodes of chest pain, ECG changes or elevated serum enzyme levels, will contribute to a final diagnosis that can be either acute myocardial infarction, unstable angina, noncardiac disease or nonspecific chest pain (1, 19) .
Final diagnosis. The diagnosis of unstable angina was confirmed in 68% of patients, whereas in 26% the complaints were attributed to causes other than coronary insufficiency after observation. This proportion is low compared with Duncan et al. (25) , who reported that 60% did not satisfy the criteria for unstable angina in an outpatient study of 616 men who were referred for chest pain by general practitioners. This difference suggests that a considerable proportion of patients with chest pain from other causes may be filtered before admission. At the other end of the spectrum, myocardial infarction had already occurred in 9% of all admitted patients, which became apparent from subsequent serum enzyme assays. Similarly, in the HINT study (23) , myocardial infarction had occurred at the time of randomization in 8% of patients with prolonged chest pain and concomitant ECG changes.
Clinical course and underlying pathophysiology. During the hospital stay, patients moved from one class to another. For example, 12 patients appeared to have, in addition to the 34 patients who actually had, postinfaretion angina (class C) recognized as such on admission. By contrast, 88 patients who presented with class III symptoms were in class II after observation, indicating that the unstable period had stabilized. This illustrates the dynamic aspects of unstable angina as an intermediate condition between chronic stable angina and acute myocardial infarction (5, 26) and corresponds to the dynamic changes within the coronary arteries described in relation to unstable coronary disease (1, 19, 27) . The similarity of occurrence of subsequent pain episodes over time may (28), Furthermore, the clinical decrease of frequency of symptoms over time corresponds to the decrease of angiographic presence of intracoronary thrombus over time (29) . Events and interventions. For patients with definite unstable angina, the rate of death or infarction was 4.3% during the in-hospital period and 9.6% at 6-month follow-up. This relatively good prognosis compares favorably with other reports Six-month follow-up outcomes: survival (solid lines), infarctfree survival (long-dashed lines) and infarct-free survival without intervention (short-dashed lines) for the various subgroups, p = probability. (12, 13, 23, 30, 31) and may be related to the intensive medical therapy and high intervention rate. After hospital admission, 78% of all patients received either oral or intravenous nitrates, 58% received beta-blockers, 33% received calcium antagonists, and 78% of the patients were initially treated with either aspirin or heparin. In addition to medical therapy, 35% of patients with a final diagnosis of angina pectoris underwent revascularization, most of them during the hospital period. Similar revascularization rates after extensive medical treatment were reported by Theroux et al. (30) and Cairns et al. (32) , whereas others reported lower numbers of 4% and 18% within the first 3 to 8 months (11,33).
Classification system. The classification system proposed by Braunwald appeared to be appropriate for risk stratification in clinical practice. The subgroups of the four categories--severity, clinical circumstances, ECG changes and intensity of treatment--were all related to different prognoses. However, for the severity category, prognosis was best for class II, intermediate for class I and worst for class III (Fig. 3) . Apparently, absence of pain for >48 h is a better indicator for outcome than the occurrence of pain at exertion or at rest. If a patient is pain free for >48 h, the probability of new episodes is <20%. The relation between recurrent pain and prognosis has been described in earlier reports (8) (9) (10) 22 ). The good prognosis of patients without pain over the previous 48 h may be reflected in the low number of class II patients at admission.
Conclusions. The classification proposed by Braunwald can be used easily in clinical practice and is a helpful tool to predict outcome. For classification of severity, the pain-free period is a better risk indicator than the distinction between accelerated angina and angina at rest. In general, unstable angina has a relatively good prognosis under the current management strategy.
Survival without infarction varies between 80% and 91% among the various classes, with the best prognosis in classes I, II and B and the worst prognosis in classes III and C. Between 35% and 72% of the patients have an uncomplicated course with medical therapy alone, with the best outcome for class 1I and the worst for classes III and C. The different outcome rates for the individual classes are confirmed by multivariate analysis and provide a useful tool for risk stratification in patients selected for clinical trials and evaluation of treatment strategies.
